New 5-acetyl-4-alkylthio-6-methyl-2(1H)-pyrimidinethiones were prepared from diacetylketene N,S-acetals and isothiocyanates. They were converted into 4-amino derivatives, which can be applied for the construction of functionalized pyrido [2,3-d]pyrimidines and pyrimido [4,5-d]pyrimidines.
Introduction
Ketene N,S-acetals are known to be useful reagents in heterocyclic synthesis. 1, 2 Among these, particular attention has been given to oxoketene N,S-acetals as functionalized enaminones. 3, 4 Previously we reported a convenient procedure for the preparation of N-unsubstituted diacylketene N,S-acetals from β-diketones and alkyl thiocyanates in the presence of Ni(acac) 2 .
5
These compounds were shown to be suitable starting materials for synthesizing 4-acetyl-5-aminopyrazoles, 6 pyrazolo[3,4-d]pyrimidines, 6 functionalized 2(1H)pyrimidinones, 7 and 3-cyano-4-pyridones. 8 In continuation of our work on the synthetic utility of dioxoketene N,Sacetals, we describe the synthesis of functionalized 2-pyrimidinethiones from diacetylketene N,S-acetals and isothiocyanates. Although 2-pyrimidinethiones have been extensively investigated and different approaches to their preparation have been developed, 9 new methods for the synthesis of 2-pyrimidinethiones carrying functional groups in the 5-and 6-positions are desirable, since compounds of this type may be used for constructing fused pyrimidines. Monoaroylketene N,S-acetals are reported to react with benzoyl isothiocyanate as Cnucleophiles to give the corresponding adducts which undergo cyclization into 4-pyrimidine-thiones. 10 It is quite general that the C-C bond is formed by the attack of the enaminone nucleophilic C atom to the electrophilic C atom of isothiocyanate, 11 although enaminones as Nnucleophiles were found to react with phenylisothiocyanate in the presence of NaH affording 1-phenyl-4,6-disubstituted 2-pyrimidinethiones.
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Results and Discussion
We have previously shown that the condensation of diacetylketene N,S-acetals with isocyanates occurs in the absence of basic catalysts and gives 4-alkylthiouracyl derivatives. 7 It turned out that N,S-acetals 1a,b react in similar manner with phenylisothiocyanate and allylisothiocyanate in boiling toluene providing the corresponding N-substituted 5-acetyl-4-alkylthio-6-methyl-2(1H)-pyrimidinethiones 2a,b and 3a (Scheme 1). The action of 1a on the benzoylisothiocyanate in toluene at room temperature results in thiourea 4, which is isolated as crude material. The structure of 4 is confirmed by 1 H NMR spectra (see the Experimental Section). When 4 is boiled with MeONa in MeOH, the closure of the pyrimidine ring is accompanied by debenzoylation, and the subsequent treatment with AcOH or MeI leads to pyrimidinethione 5 or its S-methyl derivative 6. Evidently, the formation of pyrimidinethiones 2, 3 is also supposed to involve the attack by isothiocyanate at the N-nucleophilic center of acetals 1 but the intermediate thioureas formed easily undergo cyclization in the absence of MeONa. Crystalline pyrimidinethiones 2a,b and 3a are easily soluble in DMF, CHCl 3 , EtOH, and acetone, moderately soluble in benzene and toluene, and insoluble in petroleum ether and water. Compound 5 is soluble only in DMF and DMSO. The structures of 2a,b, 3a, and 5 were confirmed by spectral data (mass spectrometry, 1 H and 13 C NMR, IR spectroscopy).
The MeS group in pyrimidinethiones 2, 3 can be substituted by primary and secondary amines, and compound 2a was thus converted into the corresponding 4-amino-2(1H)-pyrimidinethione derivatives 7-9. It should be noted that the yields of 7, 8 (42-43%) appear to be lower than the yield of 9 (69%), because the reaction of 2a with primary amines is accompanied by the partial cleavage of the pyrimidine ring. Indeed, the N-benzyl-N`-phenylthiourea was isolated as by-product when 2a reacted with benzylamine.
In the case of 5, the double substitution by morpholine can be achieved, and dimorpholinopyrimidine 10 was obtained in 79% yield.
The presence of vicinal MeCO and NH groups in the molecules of compounds 7, 8 is favorable for the annelation of the second nitrogen-containing ring to the pyrimidine cycle. 
Scheme 1
We have chosen pyrimidinethione 7 to demonstrate the selected examples for fused pyrimidines construction. Earlier the series of 4-methylene-3,4-dihydro-2(1H),7(6H)-pyrimido [4,5- 
Scheme 2
The process probably involves the addition of 7 to isocyanate with the formation of intermediate ureas, intramolecular cyclization of which gives 11 and 12. However, compound 7 failed to react with less electrophilic isothiocyanates.
Yellow crystalline compounds 11, 12 are soluble in most organic solvents. The presence of the exo-methylene group in their molecules is confirmed by NMR spectroscopy. Thus, in 1 H NMR spectra, methylene protons display the signals of the AB system (δ A 4.36 and δ B 4.37 for 11; δ A 4.49 and δ B 4.90 for 12, J=2.5 Hz), while the C atom of the CH 2 group in 13 C NMR spectra gives a triplet (δ 100.6 for 11 and δ 97.2 for 12). Different approaches to the construction of pyrido [2,3-d] pyrimidine system were applied. In accordance with Scheme 2, refluxing of 7 with dimethylformamide dimethylacetal (DMF DMA) in benzene results in the condensation product 13, which in the boiling xylene undergoes cyclization to give the corresponding functionalized pyrido [2,3- 
Experimental Section
General Procedures. Melting points were determined using a Koffler apparatus and were uncorrected.
1 H NMR (250 MHz) and 13 C NMR (75 MHz) spectra were recorded on Bruker WM-250 and Bruker AM-300 spectrometers with CDCl 3 and DMSO-d 6 as solvent and TMS as internal standard. Mass spectra were obtained on a Varian MAT-311A instrument (EI, 70eV). IR spectra were recorded on a Specord M-80 spectrometer. Column chromatography was conducted with silica gel, grade 100-160 mesh. Phenyl-, allyl-and benzoylisothiocyanates, DMF DMA, phenyl-and methylisocyanates, and also diethyl oxalate were purchased from Lancaster. Diacetylketene N,S-acetals 5 were prepared according to published procedures. 
5-Acetyl-6-methyl-4-methylthio-1-phenyl-2(1H)-pyrimidinethione (2a
